Characterization of a highly conserved FAD-binding site in human monoamine oxidase B.
Monoamine oxidase B (MAO B) catalyzes the oxidative deamination of biogenic and xenobiotic amines. The oxidative step is coupled to the reduction of an obligatory cofactor, FAD, which is covalently linked to the apoenzyme at Cys397. Our previous studies identified two noncovalent flavin-binding regions in MAO B (residues 6-34 and 39-46) (Kwan, S.-W., Lewis, D. A., Zhou, B. P., and Abell, C. W. (1995) Arch. Biochem. Biophys. 316, 385-391; Zhou, B. P., Lewis, D. A., Kwan, S.-W., Kirksey, T. J., and Abell, C. W. (1995) Biochemistry 34, 9526-9531). In these regions, Glu34 and Tyr44 were found to be required for the initial binding of FAD. By comparing sequences with enzymes in the oxidoreductase family, we now have found an additional FAD-binding site in MAO B (residues 222-227), which is highly conserved across species (human, bovine, and rat). This conserved sequence contains adjacent glycine and aspartate residues (Gly226 and Asp227). Based on the x-ray crystal structures of several oxidoreductases (Eggink, G., Engel, H., Vriend, G., Terpstra, P., and Witholt, B. (1990) J. Mol. Biol. 212, 135-142; Van Driessche, G., Kol, M., Chen, Z.-W., Mathews, F. S., Meyer, T. E., Bartsch, R. G., Cusanovich, M. A., and Van Beeumen, J. J. (1996) Protein Sci. 5, 1753-1764), the Gly residue at the end of a beta-strand facilitates a sharp turn and extends the beta-carbonyl group of Asp to interact with the 3'-hydroxyl group of the ribityl chain of FAD. To assess the hypothesis that Gly226 and Asp227 are involved in FAD binding in MAO B, site-specific mutants that encode substitutions at these positions were prepared and expressed in mammalian COS-7 cells. Our results indicate that Gly226 and the beta-carbonyl group of Asp227 are required for covalent flavinylation and catalytic activity of MAO B, but not for noncovalent binding of FAD. Our studies also reveal that mutagenesis at Glu34 and Tyr44 not only interferes with covalent flavinylation and catalytic activity of MAO B, but also with noncovalent binding of FAD. Based on these collective results, we propose that the coupling of FAD to the MAO B apoenzyme is a multistep process.